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Abstract: Since 1998 we have conducted GPS meteoro logy resear ch to develop the methodology for accurate and rea-l
t ime determination of PWV w ith GPS measurements at Hong Kong GPS active stat ions. The implementation sys-
tem has been put in pract ical use in the Hong Kong Observatory for three years. T his paper discusses some issues in
t his development, in particular the measur es to improve the accuracy of real t ime GPS-derived PWV. These mea-
sures include the inclusion of a gradient model in the determinat ion of To tal Zenith Delay ( TZD) , calibration of Dry
Zenith Delay ( DZD) calculation model, and estimation of a local conversion facto r fo r the transformation of derived
Wet Zenith Delay (WZD) to PWV. Importance for the identification and elimination of those satellites wit h lar ge
predicted orbital er rors is demonstr ated. Tests are also conducted to compare two GPS data pro cessing approaches,
t he Double Differencing ( DD) method and Precise Po int Positioning ( PPP) method.
To improve the accuracy of GPS derived PWV, several measures should be adopted, including the inclusion of
a g radient model in the determination of TZD, calibr at ion of DZD computation model, and estimation of local con-
version factor . At the same time, the results o f PWV with IGS prediction orbits and precise orbits are generally of
small difference, but the bad satellite orbits can significantly degr ade the estimated accuracy of PWV with IGS pre-
dicted orbits and must be eliminated in the nearly rea-l time applicat ion. Additionally , the tests indicate that bot h DD
and PPP data processing approaches in general provide consistent r esults, but there exists a bias. Fur ther research
and comparison should be conducted.
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Fig . 1 Hong Kong Active GPS Stat ions
2  精确估计 PWV的措施
?? GPS?????, ?????????
??????( TZD) , ????????( DZD)
????( WZD)?????????????
??????,????????????,??
????????;?????????????
????    ???? ( PWV )???????
?????????????, ???????
???????,?????????????
?,?????????, ??? TZD, DZD??
???????
2. 1  ????
?????????????????, ?
??????? TZD?,?????????:
 TZD= DZD+ WZD+ ctg ( E) [ G ncos ( A )+
Ge sin ( A ) ] ( 1)
??, E ?A ???????????, Gn ? Ge
?????????????
??????????????,????
?????????????????,???
??[ 5]???????, ????????, ?
???????, ? TZD????????; ?
?,?????,??????,???????
2. 2  DZD????
? TZD ??? WZD ???? DZD?DZD
???????????,?????????
??,??????????,????????
??? DZD????,???????????
DZD,????,??????????????
?????? 8. 7 mm ~ 25. 4 mm, ????
17 mm?????????,????,????
???????????( P/ T )???[ 6~ 7] :
d = a+ b( P / T ) (2)
??, a? b ???????????????
? 1995~ 2002??????,????( 2) ,??
????????????:
DZD= DZDS- 127. 5+ 31. 89P / T (3)
??, DZDS ?????????,??? mm?
2. 3  ????????
???WZD????? PWV?????,
????????:
PWV= FWZD ( 4)
??,???? F ??????????T m?
??, Tm ???????:
T m =
( e/ T )  dh( e/ T 2)  dh (5)
??, e?T ??????????????
10 ?  ?  ?  ?                   ? 36 ?
??????, ????( 4)???????
1 mm, T m ??????? 3 k [ 5]??? T m ??
??????:  ?????;  ?? Bevis?
???[ 8] ;  ????,???????, ???
( 5)???????? Bevis ??( T m( B) = 70. 2
+ 0. 72 T 0, T 0?????)????????
Bevis????????????,????
???????????????, ?????
??????, ??????? T m ?, ? Bevis
????????????????? Bev is?
?????8 k~ 3 k???,??????? Tm
??????? 1 mm ???????????
?? T m ,?????? 8??????(?5 843
???) , ????? T m ?T 0 ???, ????
????:
Tm( HK )= 106. 7+ 0. 605T 0 (6)
????????, ?????,???????
? F= 0. 162?
??( 6)??? T m ?Bevis???????
??????? 1?????????????
?( i. e. , = T m(HK)- T m(B) )???????,?
???????,?????
? 1 ????? Bevis ???????
Tab. 1  The diff erences between Tm(HK) and Tm(B)
Surface temp/ (  ) 5 10 15 20 25 30 35
 / () 4. 5 3. 9 3. 4 2. 8 2. 2 1. 6 1. 0
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Fig. 2  T he comparison of GPS-PWV with and without
bad satellites in a GPS station
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Fig. 3  Software structur e for real time determination of
GPS derived PWV based on GAMIT
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Fig. 4 The comparison of GPS-PWV based on GAMIT and
GIPSY and radiosonde PWV ( unit: mm)
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Down: GIPSY-GAMIT in PWV)
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Tab. 2 Statistics of the diff erences between results with the
DD and the PPP / mm
Stat ion # obs maximum minimum
average
differen ce S. D
HKFN 32121 7. 0 - 14. 4 - 1. 3 2. 1
HKKT 31724 7. 2 - 12. 8 - 1. 2 2. 1
HKSL 30058 5. 9 - 13. 4 - 1. 6 2. 1
HKST 24060 6. 5 - 16. 2 - 1. 6 2. 2
HKLT 27617 11. 1 - 15. 4 - 1. 0 2. 0
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??: 感谢香港地政署和上海天文台提供实
时 GPS 数据?
参考文献:
[ 1]  BEVIS M, BU SINGER S, HERRING T A, et al GPS Meteo-
rology: Remote Sensing of Atmospheric Water Vapor Using
the Global Posit ioning System[ J ] . Journal of Geophysical Re-
search, 1992, 97( D14) : 15 787-15 801.
[ 2]  CHEN Jun-yong. On the Error Analysis for the Remote Sens-
ing of Atmospheric Water Vapor by Ground Based GPS [ J ] .
Acta Geodaet ica et Cartographica S inica, 1998, 27 ( 2 ) . (??
?.?? GPS ?????????? [ J] . ????, 1998,
27( 2) . )
[3]  ROCKEN C, BRAU N J, VANHOVE T, JOHNSON J, KOU
B. Development of Ground-based M eteorology [ A] . Th e Pro-
ceedings of International Workshop on GPS Meteorology[ C ] .
Tsukuba ( Japan) : [ s. n. ] . 2003.
[4 ]  GENDT G, DICK G, REIGBER C, T OMASSINI M , L IU
Yan-xiong. Demonstrat ion of NRT GPS Water Vapor Mon-i
toring for Numerical Weather Prediction in Germany [ J ] .
Journal of the Meteorological S ociety of Japan, 2004, 82( 1B) :
361- 370.
[5]  LIU Yan- xiong. Remote Sensing of Atmospheric Water Vapor
Using GPS Data in the Hong Kong Region[ D] .Hong Kong:
(下转第 25页)
12 ?  ?  ?  ?                   ? 36 ?
2001, 26( 6) : 483-486. (???,???.?? CHAM P??
??????????????[ J] . ??????(??
???) , 2001, 26( 6) : 483-486. )
[ 6]  NING Jing-sheng. Follow ing the Developments of the World,
Devot ing to the Study on the Earth Gravity Filed[ J] . Geomat-
ics an d Information Science of Wuhan Un iversity, 2001, 26
( 6) : 471-474. (???.???????????????
???[ J] .??????(?????) , 2001, 26( 6 ) : 471-
474. )
[ 7 ]  SH EN Yun-zhong, XU Hou-ze. S imulation of Recovering the
Geopotent ial Model Based on the S atellite to S atellite Tracking
Gravity M ission [ A ] . Progress in Geodesy and Geodynam ics
[C] . Wuhan:Hubei Science and Technology Press , 2004. ( ?
??,???.?-?????????????????
??[A] .????????????[ C ] .??:????
?????, 2004. )
[ 8 ]  ZHANG Chuan-ding. Satellite-borne Gravity Measurement
Foundat ions, Modeling Methods, and Data Processing Algo-
rithms[ D] . Zhengzhou: Informat ion Engineering University,
2000. (???.????????, ?????????
???[ D] .??:?????????, 2000. )
[ 9]  SHEN Yun-zhong. Study of Recovering Gravitational Potential
Model f rom the Ephemeredes of CHAMP[ D] : Wuhan: Inst-i
tute of Geodesy and Geophysics, Chinese Academy of S cience,
2000. (???.?? CHAMP ????????????
????[ D] . ??: ???????????????,
2000. )
[10]  LUO Zh-i cai. The T heory an d Methodology for Determining
the Earth s Gravity Field Using Satellit e Gravity Gradiome-
t ry Data[ D] . Wuhan: Wuhan T echnical University of Survey-
ing an dM apping, 1996. (???.???????????
????????????[ D] . ??: ???????
?, 1996. )
[11]  XU T ian- he, YANG Yuan-xi. Recoverying the Gravity Po-
tent ial Model from th e Ephemerides and Accelerometer of
CHAMP[ J] . Acta Geodaetica et Cartographica Sinica, 2004,
33( 2) : 95-99. (???,???.??CHAMP ?????
???????????????[ J] .????, 2004,
33( 2) : 95-99. )
[12]  LUO Jia. T heory and Methodology of Earth Gravity Field
Determination Using Satellit e-to-Satellit e T racking [ D ] .
Wuhan: Wuhan University, 2003. (?  ?. ??????
???????????????[ D] .??:????,
2003. )
[13]  XIAO Yun , XIA Zhe-ren, WANG Xing-tao. Error Analyses
for Recovery of the Earth s Gravity Field by HL-SST T ech-
nique[ J] . Acta Geodaet ica et Cartographica Sinica, 2006, 35
( 2) : 106- 111. (? ?,???,???. ???????
????????????? [ J ] . ????, 2006, 35
( 2) : 106-111. )
[14 ]  CHENG M K. Gravitat ional Perturbat ion T heory for Inter-
satellit e T racking [ J ] . Journal of Geodesy, 2002, 76: 169-
185.
(责任编辑  丛树平)
(上接第 12页)
T he Hong Kong Polytechnic University, 2000.
[ 6]  LIU Yan- xiong, IZ H B, CHEN Yong-qi.Calibration of Zenith
Hydrostat ic Delay Models for Local GPS Applications[ J ] . Ra-
dio Science, 2000, 35( 1) : 133- 140.
[ 7]  LIU Yan-xiong, IZ H B, CHEN Yong-qi. Precise Determina-
t ion of Dry Zenith Delay for GPS M eteorology Applicat ions
[ J ] . Acta Geodaetica et Cartographica Sinica, 2000, 29 ( 2 ) :
172- 180. (???, H B Iz,???. GPS ????????
????????[ J] .????, 2000, 29(2) : 172-180. )
[ 8]  BEVIS M , BUSINGER S, CH ISWELL S , HERRING T A,
ANTHES R A, et al . GPS Meteorology: M apping Zenith Wet
Delays onto Precipitable Water[ J ] . Journal of Applied M eteo-
rology, 1994, 33: 379-386.
[ 9 ]  SPRINGER T A, HU GENTOBL ER U. IGS Ult ra Rapid
Products for Near rea-l t im e Appl icat ions [ J ] . Phys Chem
Earth ( A) , 2001, 26( 6-8) : 623-628.
[ 10]  LIU Yan-xiong,CHEN Yong-qi. Improving Accuracy of Near
Rea-l t ime Precipitable Water Vapor Est imat ion w ith the IGS
Predicted Orbits[ J] . Geophys Res Lett , 2002, 29 ( 16) : 411-
413.
[ 11]  KING R W, BOCK Y. Docum entation for th e MIT GPS
Analysis Software: GAMIT, Version 9. 94 [ R] . Cambridge:
Mass Inst of Technol, 1999.
[12]  GREGORIOUS T . GIPSY-OASIS II: H ow It Works [ R] .
Tyne: Departm ent of Geomat ics, University of New cast le up-
on Tyne, 1996.
[13]  ZU MBERGE J F, HEFLIN M B, JEFFERSON D C, et al .
Precise Point Posit ioning for the Ef ficient and Robust Analy-
sis of GPS Data from Large Netw orks [ J ] . Journal Geophys
Res, 1997, 102( B3) : 5 005-5 018.
(责任编辑  张燕燕)
25? 1 ?            ?  ??:? GRACE ???????????
